Inoculation of simian immunodeficiency virus into cultures of primary rhesus monkey macrophages or CD4-bearing transformed T lymphocytes resulted in persistent infection, with minimal virus replication in the macrophages and extensive replication in the lymphocytes. However, uninfected T cells added to infected macrophages underwent rapid fusion and lysis and were almost completely eliminated without the production of virus particles. Lysis required direct contact between the T cells and the infected macrophages, which enabled binding between CD4 on the former and viral gpl20 on the latter to occur. This process was blocked by soluble CD4 and dextran sulphate. Neutralizing antibodies in the serum of an infected macaque prevented cell fusion by preventing infection of the macrophages. However, these antibodies did not prevent fusion when added to previously infected macrophages. Infected macrophages were incorporated into the syncytia of lymphocytes and continued incorporation of new lymphocytes into the syncytia required infected macrophages to be metabolically active. One inference from these studies is that infected macrophages in vivo could help mediate the well known depletion ofT4 cells in patients with AIDS.
Introduction
Infection of cells of the macrophage lineage is a common event during lentivirus infections in ungulate and primate hosts and macrophages expressing viral gene products are present invariably in lesions caused by these viruses (Gartner et al., 1986a, b; Harper et al., 1986; Koenig et al., 1986; Stoler et al., 1986; Wiley et al., 1986; Ward et al., 1987; Eilbott et al., 1989; Fox et al.,, 1989; Ringler et al., 1989; Wyand et al., 1989; Zink et al., 1990) . However, the precise role of these cells in the infectious process is not understood. Speculations are that the cells could provide a reservoir that subserves the long-term persistence of the viruses (Fauci, 1988) , that they act as Trojan horses in disseminating virus to tissues (Narayan et al., 1982; Peluso et al., 1985) , or that, after infection, their interaction with lymphocytes results in production of cytokines that mediate pathological effects (Kennedy et al., 1985; Narayan et al., 1985; Fauci, 1988) . Studies on the replication of lentiviruses in cultured macrophages from either sheep and goats (Narayan et al., 1982; Gendelman et al., 1986) , or humans (Gartner et al., 1986b) , have shown that the cells produce minimal quantities of virus for several days or weeks and gradually succumb to virus-induced cytopathicity. In contrast, a much more permissive type of replication 0000-9868 © 1991 SGM occurs in fibroblastic cells of ungulates (Narayan & Clements, 1989 ) and CD4-bearing T lymphocytes of humans and macaques (Hoxie et al., 1988) . Virus replication in these cells results in an increase in virus production several orders of magnitude greater than that produced by macrophages. This high level of virus replication is accompanied by fusion and lysis of the cells within a few days (Haase et al., 1982) .
Infection in both macrophages and non-macrophage cell types is mediated by binding of the virus to cellular receptors: the CD4 receptor on primate cells (Clapham et al., 1989) and an uncharacterized receptor on ungulate cells. Fusion of cells by the virus or by other infected cells also requires initial binding between the viral glycoprotein and the cell receptor. Interestingly, expression of the CD4 receptor in cell lines infected with human or simian immunodeficiency viruses (HIV and SIV) frequently becomes down-regulated (Hoxie et al., 1986) and is accompanied by the cessation of syncytium formation, continued proliferation of the cells and persistent production of virus particles. Thus, unlike the lytic infection of sheep fibroblasts by visna virus, HIV-or SIV-infected permissive CD4 T cell lines frequently evolve into cultures that produce virus indefinitely.
Using ungulate and macaque viruses that are pathogenic in their respective hosts after experimental infection, we found that rapid fusion ensued when ceils of the highly permissive type were added to indolently infected macrophages. This was exemplified by fusion between sheep fibroblasts and visna virus-infected sheep macrophages, between caprine synovial membrane cells and caprine arthritis-encephalitis virus-infected caprine macrophages, and between CD4-bearing T cells (CEM/174) and SIV-infected rhesus macaque macrophages (Narayan, 1990) . In the ungulate cell systems, fusion was followed by rapid spread of the viruses to the fibroblasts. This in turn resulted in an exponential increase in virus production in the cultures, resembling the infection caused by cell-free virus. Similarly, addition of the permissive CD4-bearing T lymphocytes to adherent macrophages infected with SIV resulted in fusion similar to that seen in the ungulate cell system. However, surprisingly, these fused lymphocytes degenerated rapidly before they could produce their potential burst of virus. The cellular debris was then phagocytosed by the remaining adherent macrophages, leaving the culture dishes essentially devoid of lymphocytes. These events contrasted sharply with the ability of the lymphocytes to proliferate and produce virus indefinitely after inoculation with cell-free virus. In this report, we have characterized and explored the mechanisms of this unusual phenomenon by which infected macrophages can kill and eliminate permissive T4 lymphocytes. The data show that the infected macrophages were incorporated into the syncytia of the T cells and that the cells in the syncytia degenerated only if the infected macrophages remained metabolically active. Presumably, this was essential for producing toxic levels of virus fusion protein. Whether this phenomenon has any relevance to the well known but enigmatic loss of helper T lymphocytes in vivo is not known.
Methods
Cells and virus infection. Macrophages were derived from the peripheral blood of normal rhesus monkeys. Leukocytes were purified from heparinized peripheral blood (PBL) by centrifugation through ficoll-hypaque gradients and adherent cell cultures were established in RPMI 1640 medium supplemented with 10~ human AB serum, gentamicin, glutamine, 100 units (U) of granulocyte-macrophage colony stimulating factor (CSF) and 5 U macrophage CSF (kindly provided by Genetics Institute, Boston, Mass., U.S.A.). After 1 week, cultures were inoculated with the SIV-251 (hereafter referred to as SIV) strain of S1V-mac (kindly provided by Dr R. Desrosiers, Southborough, Mass., U.S.A.) at an m.o.i, of 0-2. Portions of normal PBL were cultivated at a concentration of 106 cells/ml in RPMI plus 10~ foetal bovine serum (FBS) and treated with 2 pg/ml phytohaemagglutinin (PHA) (Sigma) for 3 days. Cells were then rinsed by centrifugation, reincubated in RPMI plus 10~ FBS and 100 U/ml recombinant interleukin-2 (kindly provided by Cetus) for 2 days and then used in coculture experiments. These cells were considered 'activated PBL'. CEM/174 cells (kindly provided by Dr J. Hoxie, Philadelphia, Pa., U.S.A. and hereafter referred to as CEM) are an immortalized, CD4-bearing, human T/B hybrid cell line, highly susceptible to SIV-induced cytopathicity and permissive for SIV replication (Hoxie et al., 1988) . SupT1 (also from Dr Hoxie) is a human CD4-bearing T cell line resistant to fusion c.p.e, caused by SIV (Hoxie et al., 1988 Cocultivation of infected and uninfected CEM cells. Persistently infected CEM cells which lacked evidence of syncytia formation and which, by immunofluorescence, expressed SIV gpl20 but not CD4 on their surface were added to uninfected CD4-expressing CEM cells at a ratio of t : 5.
Reverse transcriptase assay. Virus was pelleted (16000 r.p.m, for 90 min in a Sorvall SHMT rotor) from 200 gl of clarified infectious tissue culture fluid and resuspended in 100 p.l of buffer containing 50 mMTris-HCl pH 7.8, 0-1 ~ Triton X-100, 20 mM-KCI, 10 mM-DTT, 5 mM-'MgC12, 0.1 mM-dATP, 0.1 mM-dCTP, 0.1 mM-dGTP, 0.05 absorbance units/ml poly(rA)' oligo(dT) and 20 pCi/ml [3H]TTP. The reaction was stopped with 150 gl cold 0-1 M-sodium pyrophosphate. Unlabelled salmon sperm DNA (20 pl solution containing 2 mg/txl) was added as carrier and 210 gl of cold 20~ TCA in 0.1 mM-sodium pyrophosphate was added to precipitate the labelled cDNA. The precipitated DNA was collected by filtration using a Skatron cell harvester. The [3HITTP incorporated into DNA was quantified by counting the filters in a Packard scintillation counter. Stock SIV had an RT value of 75000 c.p.m, and macrophage culture medium had background counts between 100 and 200 c.p.m.
In situ hybridization and immunofluorescence (IFA ) . In situ hybridization was performed on cytospin preparations of cells in suspension and on chamber slide preparations containing cultured macrophages. Cells were fixed with periodate-lysine-paraformaldehyde~lutaraldehyde solution (Gendelman et al., 1983) for 20 min at 23 °C and probed, as previously described (Zink & Narayan, 1989) , using 35S-labelled cloned DNA containing gag and pol sequences as well as portions of env from SIV. An IFA was performed on similar preparations of cells fixed in 1:1 acetone:methanol for 10 rain at room temperature. Rabbit antiserum to SIV core proteins or a vaccinia virus construct (kindly provided by Dr B. Moss, Bethesda, Md., U.S.A.) expressing the SIV envelope glycoprotein (Koenig et al., 1989) , and murine monoclonal antibodies to the HIV gp 120-binding epitope of CD4 (OKT4A; Ortho Diagnostic Systems) were used as primary antibodies and were followed by application of fluoresceinated anti-rabbit or -mouse lg conjugates.
Incorporation of fluorescein-labelled macrophages in syncytia.
Infected macrophages were incubated with a 40 pM solution of 5 (and 6)-carboxyl-4',5'-dimethylfluorescein diacetate, succinimidyl ester (Cl165; Molecular Probes) in cell culture medium for 20 min at 37 °C, and then washed extensively to remove unabsorbed label. After cocultivation, they were cytocentrifuged on to glass slides, fixed in methanol and examined directly in the fluorescence microscope. 51Cr release assay. Suspensions of 107 CEM cells were incubated with 100 p_Ci S lCr (New England Nuclear) for 90 rain at 37 °C. Labelled cells were washed twice, resuspended in medium and incubated at 37 °C for 30 rain. Cells were washed two more times and 106 labelled CEM cells were incubated alone (to detect spontaneous release) or added to infected and uninfected macrophages or persistently infected CEM cells in Costar 24-well plates. At 3, 12 and 36 h, supernatant fluids and non-adherent cells were removed from the adherent cells (macrophages and CEM ceils that had become bound to the macrophages) and sedimented by centrifugation. SDS (1%) was then added to the supernatant fluids, to the pellets consisting of the non-adherent cells and to the adherent cell counterparts; this treatment lysed the cells and inactivated the virus. Samples were mixed with Liquiscint (National Diagnostics) and examined for radioactivity in a 2200CA liquid scintillation counter (Packard).
[3H]Thymidine incorporation assay. 
Mitomycin C, soluble CD4 and dextran sulphate blocking experiments.
Replicate cultures of macrophages were incubated with 10 ~tg mitomycin C (50 p-g/ml), 100 p.g soluble CD4 (500 ixg/ml) (sCD4; kindly supplied by Dr R. Sweet, King of Prussia, Pa., U.S.A.) or 10 p.M-dextran sulphate (Mr 500K) for 20 min at 37 °C. Macrophages incubated with mitomycin C were subsequently washed four times with medium. Suspensions of CEM cells were added to the treated macrophages and incubated for 24 h at 37 °C and then pulse-labelled with [3H]thymidine and processed.
Effects of serum from infected macaques. Serum from rhesus macaques
infected with SIV in our animal facility were used to evaluate the effect of antiviral antibodies on the fusion process. Serum from animal 4B, which developed the highest neutralizing antibody titre to the virus, was used in experiments described here. The serum was heated at 56 °C for 30 min to inactivate complement. Twofold dilutions of the serum in RPMI plus 5% human AB serum were mixed with an equal volume of medium containing l03 TCID SIV/ml, incubated at 37 °C for 60 min and 0.2 ml aliquots were inoculated into triplicate macrophage cultures in 96-well plates (Costar). Control cultures received either no virus, virus alone after treatment at 37 °C for 60 min, or virus preincubated with various dilutions of macaque preimmune serum. Fresh medium (0-2 ml) containing 2 × 105 CEM ceils was added to each well 7 days later and cultures were examined for fusion after a further 2 days.
In parallel experiments, macrophages infected with SIV 7 days earlier were incubated with 100 ixl of several dilutions of immune serum for 1 h at 37 °C. CEM cells (105 in 100 ~tl of medium) were then added to each well and the cultures were examined for fusion 24 h later.
Results

S I V infection in macrophages and C E M cells
Most of the macrophages inoculated with SIV produced viral R N A transcripts within 3 days and u n d e r w e n t variable degrees of syncytium formation 1 to 2 weeks later ( Fig. l a to to 96 h CEM cells were very difficult to identify in infected cultures (e) although they continued to proliferate in the presence of uninfected macrophages (f). CEM cells incubated with infected macrophages, which had been prelabelled with a fluorescein marker, resulted in syncytia which contained fluorescent material (g) indicating that labelled macrophages had been incorporated. activity similar to values from uninfected macrophages); in contrast, inoculated C E M cells produced large n u m b e r s of virus particles (supernatant R T activity 105 c.p.m.). These cells developed multinucleated giant cell cytopathicity about 3 days post-infection, which slowly disappeared during the following 3 weeks. At this time nearly all the cells had become infected, with more than 95% having viral R N A as assayed by in situ hybridization. Although virus production c o n t i n u e d for several weeks, C D 4 antigen on the plasma m e m b r a n e of these cells was no longer detectable by I F A . Lack of expression of CD4 by these cells coincided with the loss of cytopathicity; this sequence of events leading to downregulation of C D 4 by persistently infected T cells has been reported previously (Hoxie et al., 1986) . 
Loss of CEM cells in dishes containing infected macrophages
Remarkably, addition of uninfected CEM cells to infected macrophages resulted in syncytium formation within 6 h of cocultivation (Fig. 1 d) and almost complete elimination of the lymphocytes 4 to 5 days later (Fig. 1 e) . Lymphocytes surviving at this time failed to thrive (Table 1) . This process was not accompanied by an increase in RT activity in the supernatant fluids (data not shown). Uninfected CEM cells grown either in isolation, in coculture with normal macrophages (Fig. l f) , or inoculated with cell-free SIV, proliferated continuously during a 30 day period. To determine whether the killing of the CEM cells was mediated by some mechanism unique to macrophages, uninfected CEM cells were added to persistently infected CEM cells expressing gpi20 on their surface. A lyric process was initiated (Table 2) , similar to that caused by infected macrophages. Thus, the mechanism of killing of the CEM cells was dependent on a toxic fusion process which could be initiated by either infected macrophages or infected T cells. Predictably, the addition of persistently infected CEM cells (which had down-regulated surface CD4 expression) to normal or infected macrophages did not result in any c.p.e. SupT1 cells which express CD4 (and are highly susceptible to lytic infection with HIV) but are not susceptible to fusion c.p.e, by cell-free SIV, were added to infected macrophages; this did not result in fusion or lysis. This suggested that macrophage-induced lysis required T cells that not only express the CD4 receptor but which are also susceptible to fusion by cellfree virus. Thus, CD4-bearing T lymphocytes that are susceptible to fusion by SIV can be killed by persistently infected lymphocytes or macrophages.
To relate these findings more closely to events occurring in the infected animal, we used naturally infected macrophages from a macaque inoculated intravenously with 105 infectious units of SIV 6 weeks previously, and brain macrophages cultured from an uninfected macaque. The blood-derived macrophages from the infected animal contained viral RNA (detected by in situ hybridization). Brain macrophages (derived by explantation of brain fragments from an uninfected, aged rhesus monkey), identified by positive staining for non-specific esterase, were inoculated with SIV as described for the inoculation of uninfected blood 
SIV-infected macrophages lyse "14 cells
Mechanism of loss of CEM cells in dishes containing infected macrophages
Loss of the T lymphocytes after cocultivation with infected macrophages required contact between the CEM cells and the macrophages. CEM cells separated from infected macrophages by a permeable membrane (0.45 ~tm average pore diameter) in Millicell-HA chambers (Millipore) did not undergo lysis but proliferated to the same extent as CEM ceils inoculated with cell-free virus (Table 1) . Inoculation of CEM cells with supernatant fluid from infected macrophages had no effect on their proliferation. Fusion was first detected at between 5 and 6 h after cocultivation of CEM cells with infected macrophages but not until 3 days after either the addition of cell-free virus, the addition of supernatant from infected macrophages, or in cocultures where CEM cells were physically separated from the infected macrophages.
The loss of lymphocytes was also associated with incorporation of the macrophages into the syncytia. These incorporated macrophages were identified using a fluorescein marker (Fig. 1 g) . To determine whether the fusion process leading to T cell depletion required the macrophages to have intact biosynthetic pathways, we treated infected macrophages with mitomycin C (Hart, 1982) prior to the addition of CEM cells. This resulted in reduced fusion and lysis (Fig. 2) . Similar results followed pretreatment of the infected macrophages with transcriptional blockers actinomycin D and ~-amanitin (data not shown). Therefore, the process leading to loss of the T cells required that the infected macrophages be metabolically active.
To determine the fate of the lymphocytes that disappear after contacting the infected macrophages, we labelled CEM cells with S~Cr prior to their addition to macrophages and correlated phase microscopic observations of the cocultures with the location of the isotope, i.e. in cell-free supernatant fluid, in CEM cells in suspension or in CEM cells that had become adherent to the macrophages (Table 2 ). Very few CEM cells became adherent to plastic when cultured by themselves and nearly all of the label was associated with cells in suspension. A gradual spontaneous release of 5~Cr from these cells into the supernatant fluid occurred during 36 h of observation. Addition of labelled cells to uninfected macrophages resulted initially in adherence of the lymphocytes to the macrophages followed by detachment and gradual release of the lymphocytes into the supernatant fluid. Labelled lymphocytes added to uninfected macrophages released 5~Cr at the same rate as lymphocytes cultivated alone. Addition of labelled cells to infected macrophages resulted in adherence similar to that seen with uninfected macrophages. However, between 12 and 36 h after cocultivation with infected macrophages, there was a marked increase in the amount of isotope liberated into the supernatant fluid, indicating that the lymphocytes had undergone lysis. A similar lytic event with release of 51Cr occurred when labelled CEM cells were added to persistently infected CEM cells. Cell debris accumulated in the lymphocyte cocultures during this period. In contrast, there was no debris in the macrophage-lymphocyte cocultures and 3 to 4 days later hardly any traces of the tymphocytes were detected (Fig.  I e) . These data suggested that the sequence of events leading to the disappearance of T cells in the latter cultures was initiated by non-specific adherence of the cells to infected macrophages. This was followed by fusion of the lymphocytes with the macrophages, incorporation of one or more infected macrophages into the nascent syncytia and lysis of these structures. Lack of cell debris in the dishes containing infected macrophages suggested that remaining infected macrophages had phagocytosed this material.
Effects of soluble CD4 and dextran sulphate on the fusion process 3
We used a [ H]thymidine assay to obtain more quantitative data on the dynamics of the fusion process.
Macrophages pulse-labelled with [3H]thymidine incorporated minimal amounts of isotope irrespective of whether they were infected or uninfected (Fig. 2) . Addition of the isotope to a coculture of either CEM or SupT 1 cells and uninfected macrophages resulted in high incorporation of isotope, thus confirming the proliferative capacity of these cells under these culture conditions. However, incorporation of the isotope was greatly reduced during the period of syncytium formation and lysis when similar numbers of CEM cells were added to infected macrophages. This contrasts with results obtained with SupT1 cells in which incorporation of the isotope was unaffected by infection of macrophages. Using this assay, we asked whether sCD4 or dextran sulphate would protect CEM cells from fusion and lysis caused by infected macrophages. Both of these substances are known to prevent fusion of lymphoid cells by HIV and HIV gpl20 (Fisher et al., 1988; Hussey et al., 1988; Clapham et al., 1989; Mitsuya et al., 1989) . Similarly, sCD4 has been shown to prevent SIV infection and fusion in T cell cultures (Clapham et al., 1989) , and has been further demonstrated to be of therapeutic value in SIV-infected macaques (Watanabe et al., 1989) . Fig. 2 shows that both substances prevented fusion and lysis of CEM cells, consistent with a requirement for CD4-gpl20 interaction in the fusion process. The slight increase in incorporation of [3H]thymidine by CEM cells in the dextran sulphate-treated infected macrophage cultures was anomalous and may have been caused by cytokines released during the T cell-macrophage interactions. These results strongly suggest that SIV gpl20 is expressed on the surface of infected macrophages, although the cells produce only small quantities of RT activity. This was supported by specific immunofluorescent staining on the surface of infected macrophages using rabbit antisera to gpl20 (data not shown).
Interaction between activated PBL and infected macrophages
In contrast to CEM cells, addition of PHA-activated rhesus monkey PBL to infected macrophages did not result in obvious fusion between the cells when examined by phase microscopy, [3H]thymidine incorporation or 5 ~ Cr release. Similarly, only rare syncytia were formed in activated PBL cultures 5 to 7 days after inoculation with cell-free virus.
Effects of immune serum on the fusion process
Macrophage cultures inoculated with virus that had been preincubated with immune serum failed to cause fusion of CEM cells. This protective effect was seen with serum diluted from 1 : 10 to 1 : 10000. Preimmune serum had no protective effect at a dilution of 1:10. In contrast, addition of the immune serum at a dilution of 1 : 10 or greater to the macrophages 7 days after infection failed to prevent fusion of the CEM cells. Thus, serum containing potent neutralizing antibodies failed to inhibit fusion caused by infected macrophages.
Discussion
These studies show that rhesus macaque macrophages persistently infected with SIV and producing only small numbers of infectious particles killed and eliminated susceptible CD4-bearing lymphocytes very rapidly and much more efficiently than high concentrations of cellfree virus particles. Studies on the fusion of lymphocytes infected with HIV or SIV have shown that the process requires sequential steps beginning with cleavage of the viral glycoprotein precursor gpl60 into gpl20 and gp41 (McCune et al., 1988) , followed by binding of a conserved domain of gp 120 to the CD4 receptor on the cell (Lifson et al., 1986; Sodroski et al., 1986; Kowalski et al., 1987; Lasky et aL, 1987) and, later, insertion of a highly hydrophobic fusogenic domain of gp41 into the lipid bilayer of the cell (Stein et al., 1987) . It is well established that exposure of susceptible cells to high concentrations of this protein, achieved by inoculation of cells with virus at a high m.o.i. (Harter & Choppin, 1967) or with virus envelope glycoprotein produced by recombinant techniques (Sodroski et al., 1986) , results in toxic fusion and cells degenerate before producing progeny virus. In this study, the infected macrophages served as vectors delivering viral fusion protein continuously for several hours until toxic fusogenic concentrations were reached on the cell surface.
Fusion between CEM cells infected with cell-free virus was only transient and the disappearance of syncytia in the cultures coincided with a reduced level of expression of CD4 on cell surfaces. The ability of these cells to proliferate and produce virus was apparently dependent on down-regulation of surface CD4 expression (Hoxie et al., 1988) . The initial interaction between infectious virus and lymphocytes was similar to that between infected macrophages and lymphocytes with respect to the binding between gpl20 and CD4. However, whereas fusion in the virus-infected lymphocyte culture was transient due to down-regulation of CD4 expression, fusion in the infected macrophage-lymphocyte culture system resulted in the elimination of T cells before virusinduced down-regulation of CD4 could occur. Infected macrophages were incorporated into the nascent syncytia which ultimately consumed most of the lymphocytes during the formation of multi-nucleated cells. The fact that continuous recruitment of new lymphocytes into syncytia was dependent on metabolically active macrophages suggested that continuous synthesis and expres-sion of the viral glycoprotein was required. The concentration of the viral glycoprotein on the cell surface was probably more important in the killing mechanism than the type of cell bearing the protein because the infected lymphocyte was just as efficient at killing as the infected macrophage. The essential role of CD4 in the fusion process was indicated by the ability of sCD4 to block fusion and also by the observation that persistently infected CEM cells, whose CD4 receptors were not expressed, failed to undergo fusion with the infected macrophages. The choice of cells and virus strains greatly influenced the outcome. First, the T cells must be able to support virus replication and undergo fusion after infection with cell-free virus before they can be killed by macrophages infected with the same virus. The previously reported inability of SupT 1 cells to support cytopathic replication of SIV despite the presence of CD4 receptors (Hoxie et al., 1988) was matched by the inability of these cells to be fused by SIV-infected macrophages. Similarly, the virus strains used to infect macrophages determined whether the macrophage would kill the T cells. Pathogenic SIV was clearly effective in macrophages of macaques (or humans). However, attempts to duplicate this fusolytic process using different strains of HIV [IIIB (AIDS Repository Center, NIH), RF (Dr P. Nara, National Cancer Institute) and SF162 (Dr J. Levy, University of San Francisco, Ca., U.S.A.)] to infect primary human macrophages were not successful (data not shown). Nevertheless, M. McGrath (personal communication) and L'Age-Stehr et al. (1990) have made observations similar to ours, i.e. human macrophages infected with other strains of virus fused and killed T cells.
There are sufficient points of congruence between these in vitro data and the loss of T4 lymphocytes in HIVor SIV-infected hosts to imply relevance to pathogenesis. First, in FiFo, there are only scant data associating viral infection in T4 cells with depletion of this subset of lymphocytes. Although proviral DNA has been identified in circulating T4 cells in HIV-infected patients, there has been no evidence showing virus replication in these cells and expression of CD4 was not downregulated (Schnittman et al., 1989) . In contrast, there is ample evidence of infection and replication of lentiviruses in cells of the macrophage lineage (monocytes, tissue macrophages, dendritic cells and Langerhans cells) (Harper et al., 1986; Koenig et al., 1986; Stoler et al., 1986; Wiley et al., 1986; Ward et al., 1987; Eilbott et al., 1989; Fox et al., 1989; Ringler et al., 1989; Wyand et al., 1989) . Since the anatomical location of macrophages and antigen-presenting cells in lymph nodes and spleen provides maximum potential exposure to T4 lymphocytes for the induction of normal immune responses, we speculate that this location would also provide the infected macrophage or infected dendritic cell with the best strategic location to kill T4 cells. In this environment immunologically activated CD4-bearing lymphocytes contacting the infected rnacrophage or dendritic cell would be eliminated rapidly before gaining an opportunity to produce virus. Syncytia of the magnitude seen in our culture system would not be expected because of the relatively small numbers of T cells normally expressing CD4 in vivo and the insusceptibility of most of the cells at any single point in time. However, repeated fusion of isolated T4 cells with infected macrophages over several months would gradually deplete T4 lymphocytes. The fact that soluble CD4 could inhibit the fusolytic process by SIV-infected macrophages and also ameliorate disease in SIV-infected macaques (Watanabe et al., 1989) , suggests a connection between the two phenomena. Similarly, the inability of neutralizing antibodies to prevent the fusolytic process, despite their ability to prevent infection in macrophages, is compatible with clinical data because many patients (and macaques) with AIDS develop high titres of neutralizing antibodies.
